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Abstract 

Background: Missed foot fractures are a l<nown problem in tlie care of tlie traumatized patient. Tliey do not 
usually have an influence on the survival, but on the long-term result and the quality of the patient's life. The aim 
of this study is to find out how many of these fractures are overlooked in a Level I trauma center and what the 
consequences for the patients are hypothesing that patients with a delayed diagnosis will have worse clinical results. 

Methods: Forty-seven patients (7.3%) with foot fractures could be identified in 642 polytrauma patients, retrospectively. 
All patients were divided into two groups: early diagnosed fractures and delayed diagnosed fractures, the latter defined 
as diagnosed after Secondary Survey. Patients were evaluated according to the Hannover Outcome Score, the Short 
Form-36 Health Survey, the AOFAS Score and the Hannover Scoring System. The average follow-up was 5 years and 
8 months. Reasons for overlooking a foot fracture were analyzed. 

Results: The foot fracture was early diagnosed in 26 (55.3%) patients, but delayed in 21 (44.7%). There were no 
significant differences in the mean stay in the hospital or in the ICU. The fractures that were most often missed were 
those of the cuboid or the metarsalia. The highest risk factor for a delayed diagnosis was a fracture already diagnosed 
on the same foot. In 52.4% of the delayed diagosed fractures, an operative therapy was necessary. There were no 
significant differences between the two groups in the clinical results. 

Conclusions: In summary, the results of this study show that foot injuries can be a safety problem for the patient and 
the examination of the feet in the trauma room has to be a compulsory part of the algorithm. Although the majority 
of delayed diagnosed foot fractures demonstrated comparable results to the immediately diagnosed fractures, 
approximately 10% might have benefited from an earlier diagnosis. Even if there were no significant differences in the 
clinical results, we have to be aware that missing a fracture in the foot can lead to worse results in the complete 
polytrauma care. 
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PATIENT SAFETY IN SURGERY 



Background 

"An unrecognized fracture has the potential to convert 
the trauma surgeons finest effort into disaster [1]." Injur- 
ies of the foot do not have an influence on the polytrauma 
patient surviving the trauma, leave severe neurologic defi- 
cits like spine or head injuries do, or threaten our patients' 
lives. And yet, they will have a crucial influence on how 
our patient will judge our work from trauma room to dis- 
charge. Eventually, they have a high influence on the pa- 
tients outcome and degree of impairment [2]. In spite of 
this, foot injuries are often overlooked during Primary and 
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Secondary Survey as well as in the further treatment, es- 
pecially when there are more severe and potentially life 
threatening injuries to be dealt with. In a landmark article 
published in this journal, Pfeifer and Pape (2008) have 
found a rate of 1.3% to 39% of missed respectively delayed 
diagnosed injuries in polytrauma patients with foot and 
ankle injuries accounting for 8.1% to 25.1% of all musculo- 
skeletal injuries [3]. Fractures of the foot have a significant 
influence on the clinical result of polytrauma patients 
[4-7]. Polytrauma care has reached a high standard in 
Northern America and Europe. Mean costs per poly- 
trauma patient are $26,521 ($14,686-$43,000) [8]. Yet, 
we let "easy" fractures have such an influence on the re- 
sult and we still overlook a high percentage of them. 
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The purpose of this study was to define a delayed diagnosed 
fi:acture and see how it influences the overall outcome of 
the polytrauma patient and hyopthesing that patients with 
missed injuries will have worse clinical results. 

Methods 

In a retrospective study, data of all patients who had been 
treated as polytrauma patients in our Level I Trauma 
Center between January 1, 2000 and December 31, 2004 
were collected. In this period, 778 patients were docu- 
mented as polytrauma patients, including patients who 
were transferred from other hospitals. Six hundred forty- 
two (82.5%) of these patients were polytrauma patients as 
defined by Tscherne in 1987 [9]. Fifty-four (8.5%) of them 
had one or more foot fractures. Patients with an age under 
16 years at the time of the trauma or injuries of the foot 
other than fractures, e.g. burns or soft tissue injuries were 
excluded. 

Forty-seven of fifty-five patients (87%) received complete 
diagnostics and therapy (endpoint: discharge from hospital) 
and were dismissed or died less than 24 hours after arrival. 
These patients were included for analysis of the quality and 
quantity of delayed diagnosed fractures and reasons for the 
delayed diagnosis. Six of the 47 patients had to be excluded 
from clinical follow-up due to other injuries, i.e. amputation 
of the lower extremity because of complex trauma or para- 
plegia. Four patients could not be contacted and seven re- 
fiised to take part in the study. Thus, 30 of 47 (63.8%) 
patients could be clinically and radiologically examined in 
the follow-up, accounting for 3.9% of all the afore men- 
tioned patients. A fracture was defined as "delayed diag- 
nosed", if it had been diagnosed anytime after the 
patient had left the trauma room and therefore after the 
Secondary Survey. Thus, a fracture could only be classi- 
fied as "early diagnosed", if it had been diagnosed in the 
trauma room. At follow-up, all patients fiUed in a ques- 
tionnaire of the SF - 36 [10] As a complete Tertiary 
Survey had not been performed consistently in all pa- 
tients, because of a lacking formal protocol, the time of 
diagnosis was analysed independently from the Tertiary 
Survey. The clinical and radiological outcome was eval- 
uated by the American Orthopaedic Foot and Ankle So- 
ciety Scores for the hindfoot and midfoot [11], by the 
Hannover Scoring System [12] and the Hannover Out- 
come Score [13]. X-rays of the feet (pa, lateral and ob- 
lique) were taken and supplemented by a Broden view 
in case of a calcaneal fracture and a physical examination 
was performed by a trauma consultant. Epidemiologic 
data as well as information about the kind of trauma 
and the course of treatment were taken from the pa- 
tients' hospital charts. 

For statistical analysis, we used parametric tests and if 
the data fafled to fulfill scale levels non-parametric tests 
(Chi Square Test, T-Test, univariate ANOVA) were used. 



For all tests a significant correlation was assumed if the 
p value was <0.05. Data were collected by Microsoft 
Access and Excel 2003, statistical analysis was performed 
with SPSS Vers. 15. 

Results 

The median age of the patients at the time of follow-up 
was 39.0 years with 15 being female (31.9%) and 32 male 
(68.1%). The average follow-up was 5 years and 8 months 
(± 1 year 7 months; 3 years 6 months to 7 years 9 months). 

Traffic accidents by car (n = 14, 29.8%) and suicidal 
jumps (n = 13, 27.7%) caused most of the injuries followed 
by falls from great height (n = 11, 23.4%) and motorbike 
accidents (n = 4, 8.5%). 

In 26 (55.3%) patients the foot fracture had been diag- 
nosed early, but delayed in 21 (44.7%,) according to the 
above mentioned criteria. Median age of the patients with 
a delayed diagnosis was 44 years, compared to 38 years in 
patients with an early diagnosis. Regarding the consciou- 
ness ("oriented", "somnolent" or "unconscious/anaesthe- 
tized") when arriving in the trauma room, there were no 
significant differences between the two groups (p = 0.328). 
Alcohol and/or drug screening was positive in 40.4% of 
the delayed diagnosis and in 59.6% of the early diagnosis 
(p = 0.501). Table 1 gives an overview on the polytrauma 
scores and GCS of both groups. 

The median length of stay in the hospital of all patients 
was 31 days, with 6 days in ICU. Median stay in ICU was 
8.0 days for early diagnosed patients and 4.0 days for de- 
layed diagnosed with no significant difference. 

In total, 153 different fractures could be diagnosed in 
54 patients. Eleven patients suffered fractures in both 
feet, with 58 injured feet being analyzed. Fractures of the 
left foot (n = 37; 63.8%) were more frequent than of the 
right foot (n = 21; 36.2%). In 12 cases (20.7%) fractures 
were classified as open fractures. 

In 60.4% of the patients, 44 accompanying fractures of 
the lower extremity had been diagnosed: 13 fractures of 
the ankle (22.4%), 17 diaphyseal fractures (29.3%), 4 frac- 
tures of the knee (6.9%) and 14 fractures of the femur 
(24.1%). Table 2 gives an overview on the foot fractures. 

A conservative therapy was done in 13.5% of the early 
diagnosed fractures and 19.1% of the delayed diagnosed 
fractures, whereas 86.5% of the early diagnosed fractures 



Table 1 Polytrauma scores (Median) 


Early (n = 28) 


Delayed (n = 19) 


Total (n = 47) 


P 


ISS 29,0 


27,0 


27,0 


0,130 


GCS 13,3 


15 


14 


0,305 


PTS 19,5 


19,0 


19,0 


0,303 


NACA 3,0 


3,0 


3,0 


0,546 



ISS Injury Severity Score; GCS Glasgow Coma Scale; PTS Hannover Polytrauma 
Score, NACA. 
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Table 2 Foot fractures in total numbers and percentages 





INUi ilUcI 




Calcaneus 


31 


20.2 


Talus 


17 


11.1 


Metatarsalia 


64 


41.8 


Navicular 


15 


9.8 


Cuboid 


10 


6.5 


Cuneiformia 


14 


9.2 


Phanlages 


2 


1.3 



and 80.9% of the delayed diagnosed fractures were treated 
operatively. 

A closed reduction was possible in 18.9% of the early 
diagnosed cases compared to 14.3% in the delayed diag- 
nosed cases. 

Analysis of the delayed diagnosed fractures 

Forty out of 153 fractures in 21 patients had been delayed 
diagnosed, counting for 26.1% of all fractures in 38.9% of 
54 patients. A Chopart dislocation had been delayed diag- 
nosed in 2 cases (16.7%), 22 (55%) of the delayed diagnosed 
fractures were not dislocated, and 18 (45%) were dislocated; 
none of the fractures were open. The diagnosis of the de- 
layed diagnosed fractures had a median time of 11 days (0- 
166 days ± 35.2 days). In three patients (14.3%), the diagno- 
sis had been made within 24 hours after admission, 11 
(52.4%) within 10 days, and 19 patients were diagnosed 
during their stay in the hospital (90.5%). Six cases (28.6%) 
had been referred from other hospitals (all of them on the 
day of trauma), but only in half of these cases the fractures 
had been diagnosed immediately (Table 3). 

Reasons for a delayed diagnosis 

The following reasons for a delayed diagnosis could be 
identified: 

• Diagnostics not performed n = 7 (33.3%) 

• Insufficient quality of X-rays n = 6 (28.5%) 

• Overlooked in an X-ray n = 5 (23.9%) 



Table 3 Foot fractures in total numbers and percentages 
In the delayed diagosed cases 





Total 


Delayed 


Calcaneus 


31 (20.2%) 


6 (19,4%) 


Talus 


17 (11.1%) 


5 (29,4%) 


Naviculare 


15 (9.8%) 


5 (33,3%) 


Cuboid 


10 (6.5%) 


4 (40,4%) 


Cuneiformia 


14 (9.2%) 


4 (28,8%) 


Metatarsalia 


64 (41.8%) 


16 (35%) 


Phalanges 


2 (1.3%) 


0 



Reasons for not making the correct diagnosis were: 

• Fracture not seen in CT or X-rays n = 14 (66.7%) 

• No diagnostics in spite of clinical symptoms n = 2 (9.5%) 

• Absence of clinical symptoms n = 4 (19.1%) 

• Interruption of diagnostis because of circulatory 
problems n = 1 (4.7) 

The fractures were finally diagnosed because of: 

• Pain, Swelling n = 5 (23.8%) 

• Preoperative CT n = 4 (19.1%) 

• Preoperative X-ray n = 2 (9.5%) 

• Postoperative X-ray n = 6 (28.6%) 

The diagnosis of a fracture in a preoperative CT or X- 
ray or in a postoperative X-ray was possible, since more 
than one fracture could occur in both feet. 

In 27 (67.5%) delayed diagnosed fractures, there were 
other fractures on the same foot, the contralateral foot or 
the distal extremitiy below the knee. In 12 cases, a fracture 
was delayed diagnosed when another fracture had been di- 
agnosed on the same foot before. The following risk fac- 
tors for overlooking a fracture could be identified: 

• Fractures of the same foot (12 fractures) 

• Fractures of the contralateral foot (7 fractures) 

• Fractures of the same calf (6 cases) 

• Fractures of the contralateral calf (4 cases) 

Regarding the complexity of the foot trauma according 
to Zwipp, there was a tendency to delayed diagnosis in 
trauma grade 2 or higher, even though it was not signifi- 
cant ip = 0.14S) [2]. 

Consequences of a delayed diagnosis 

In 11 cases (52.4%), an operative therapy of the delayed 
diagnosed fracture was necessary. Retrospectively, the 
delayed diagnosis did not change the way of treatment 
in 19 patients (90.4%). In one case (4.8%) an amputation 
of the leg below the knee had become necessary due to 
severe soft tissue damage without the missed fracture in- 
fluencing the decision. In another case, the fracture had 
already healed with a satisfactory result. This was the 
only case in which an immediate diagnosis would have 
resulted in a different method of treatment. 

Regarding soft tissue problems, infections or other 
postoperative complications there were no significant 
differences between the two groups (p < 0,05). 

Clinical scores 

Comparing the clinical scores, there were no sigificant dif- 
ferences between the two groups except for the AOFAS 
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Table 4 Clinical results of both groups 







Total 


Early 
diagnosed 


Delayed 
diagnosed 


P 


AOFAS 


Median 


69.0 


76.5 


51.0 


0.244 


Hindfoot 


n 


22 


16 


6 






SD 


28.2 


26.6 


31.7 




AOFAS 


Median 


67.0 


72.5 


45.0 


0.045 


Midfoot 


n 


22 


16 


6 






SD 


27.9 


22.7 


33.3 




HSS 


Median 
n 


64.0 

22 


64.5 
16 


62.0 
6 


0.380 




SD 


23.1 


23.6 


21.9 




SF-36 


Median 


60.1 


63.7 


51.7 


0.300 




n 


35 


23 


12 






SD 


19.7 


20.4 


17.9 




HS 


Median 


65.0 


70.5 


64.0 


0.134 




n 


29 


19 


10 






SD 


20.3 


20.1 


18.1 





Table 4 compares the medians and standard deviations of both groups. 
Significant results (AOFAS Midfoot) in boldface. 

Midfoot Score, even though group ID had higher medians 
in all scores (Table 4; Figure 1). 

There were no significant correlations between the 
time of diagnosis in days and the single scores. Linear 
regression analysis showed that HSS and AOFAS Scores 
were negatively influenced by a higher number of days 
between trauma and diagnosis, unsatisfactory operative 
results, complexity of the foot trauma and need for chan- 
ging the profession. 

Discussion 

Foot fractures are typical injuries after falls from a great 
height. The percentage of 51.1% in this study is not 



■ AOFAS Hindfoot 

■ AOFAS Midfoot 
□ HSS 

■ SF-36 



Immediately diagnosed Delayed diagnosed 

Time of diagnosis 

Figure 1 Boxplots of the clinical results. 



surprising [6]. Contrary to the studies of Rizoli et al. 
(1994) or Pfeifer and Pape (2008), a higher severity of 
trauma (ISS, PTS) or a decreased consciousness (intub- 
ation, alcohol/drugs, GCS < 10) were not associated with a 
higher rate of delayed diagnosed foot fractures [3,14]. The 
results of this study confirm those by Robertson (1996) 
and Brooks et al. (2004) [1,15]. The level of consciousness 
as well as the severity of the trauma seem to be of minor 
importance in that matter. Foot fractures occur in 3.7% to 
8.7% of polytrauma patients, even up to 13.6% in ISS > 16 
[6,16]. Therefore, the rate of 6.9% is within that range. 

In 66.7% of the delayed diagnosed cases, fractures had 
been missed in CTs and X-rays. Thus, the highest risk 
factor for overlooking a fracture had nothing to do with 
circulatory problems, but simply not recognizing it. The 
risk was especially high if there was another fracture on 
the same or contralateral foot. In conclusion, the diagno- 
sis of one fracture in the foot must make the examiner 
more aware of possible further fractures. It is noteworthy 
that, at least retrospectively, there were no clinical 

Table 5 Overview on studies on delayed diagnoses in 
multiple injured patients with regard to the feet 



Authors 


n 


Delayed 
diagnoses 
total [%] 


Foot fractures 

in delayed 
diagnosis [%] 


Prevalence of 
delayed diagnoses 
in foot fractures [%] 


Chan et al. 
(1980) [19] 


327 


11.9 


20.5 


2.5 


Born et al. 
(1989) [20] 


1006 


3 


10.3 


0.7 


]uh\ et al. 
(1990) [21] 


783 


2.2 


10.3 


1.5 


Ward and Nunley 
(1991) [22] 


111 


18 


7.2 


2.7 


Laasonen 
and Kivioja 
(1991) [23] 


340 


4.2 


26.7 


3.5 


Metak et al. 
(1994) [24] 


323 


12.4 


20 


2.5 


Rizoloi et al. 
(1994) [14] 


432 


13.6 


6.8 


0.9 


Kremli et al. 
(1996) [25] 


638 


6 


13.8 


1.7 


Robertson et al. 
(1996) [1] 


3996 


1.4 


5.7 


0.1 


Janjua (1998) [26] 


206 


65 






Guly (2001) [27] 


934 


100 


6.4 


6.6 


Houshian et al. 
(2002) [28] 


786 


8.1 


5.5 


0.9 


Vies et al. 
(2003) [29] 


3879 


1.3 


12.2 


0.2 


Sharma et al. 
(2006) [30] 


163 


57.6 


1.8 


0.01 


Wei et al. 
(2006) [31] 


2407 


3.7 


7.6 


0.3 


This study 


778 




100% 


2.3% 
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symptoms, e.g. hematoma or swelling, of the fractures in 
19.1%. Robertson also found a rate of 23% with no indica- 
tion to suggest injury [1]. This underlines the importance 
of performing a Tertiary Survey including a diligent exam- 
ination of the feet. 

Most of the delayed diagnosed fractures were not or 
only slightly displaced. Retrospectively, in 90.4% of the 
cases an earlier diagnosis would not have changed the 
treatment. This explains the non-significant difference in 
the clinical scores to the immediately diagnosed cases. 
Patients with a delayed diagnosis did not spend longer 
time in the hospital or in the ICU, so the delayed diag- 
nosis of a foot fracture does not influence this factor. 

In this study, the foot fracture did not significantly influ- 
ence the outcome of the patients. Yet, it is known that poly- 
trauma patients with a foot injury have worse outcomes 
than those without [4,6]. So even if there were no signifi- 
cant differences in the clinical results, the delayed diagnosis 
of a foot fracture increases the risk of a worse overall result 
and therefore is a safety issue for the patient. Especially if 
considering that the patients knowledge about a missed 
fracture influences his subjective result [17,18]. Table 5 
gives an overview on various studies on missed injuries in 
polytrauma patients with regard on fractures of the foot. 

Conclusions 

In summary, the results of this study show that with 40% of 
the delayed diagnosed fractures foot injuries can be a safety 
problem for the patient. They confirm that the examination 
of the feet in the trauma room must be performed dili- 
gently within the Secondary Survey. It may not be the pri- 
mary examination when treating a polytrauma patient, but 
has to be a compulsory part of the algorithm. The examin- 
ation of the feet has to be part of a standardized Tertiary 
survey protocol. The examination should be repeated in 
the ICU and in the ward, a rule that should not only be ap- 
plied on the feet. The diagnosis of a fracture in the foot 
should make the examiner look for further fractures and al- 
though the majority of delayed diagnosed foot fractures 
demonstrated comparable results to the immediately diag- 
nosed fractures, approximately 10% might have benefited 
from an immediate or earlier diagnosis. Even if there were 
no significant differences in the clinical results, we have to 
be aware that misssing a fracture in the foot can lead to 
worse results in the complete polytrauma care. 
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